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es.2011.1Abstract Artiﬁcial knee replacement is a surgical operation in which the defective knee joint sur-
faces are replaced completely with an artiﬁcial joint. Total knee replacement (TKR), also referred to
as total knee arthroplasty (TKA), is a surgical procedure where worn, diseased, or damaged sur-
faces of a knee joint are removed and replaced with artiﬁcial surfaces. The current investigation
deals with one of the most important parameters in controlling the life span of the artiﬁcial knee,
which is the thickness of the polyethylene layer of Tibia Tray of artiﬁcial knee joint. Three different
thickness of polyethylene layers (8, 9, and 10 mm) are available at hospitals assembled with similar
identical tibia trays. This makes knee surgeons confused as to which polyethylene layer thickness to
choose. It was found that the strength of polyethylene and the strength of cement constituents of the
artiﬁcial knee are increased with polyethylene layer thickness.
ª 2012 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Human knee looks like a hinge joint that moves in a complex
arc that allows the human body to twist and move sideways.
Normal knee joint consists of a set of bones called Femur
(upper part), Patella and Tibia (lower pat). For a knee to func-
tion normally, the quality of smoothness where each bone
moves upon the other becomes important in the function of
the knee joint.
The surfaces of all three bones coming into contact with
each other are normally covered with a smooth gliding surface
known as articular cartilage. The condition of this cartilage lin-
ing the knee joint is a key aspect of normal knee function, and is78657.
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2.002important to the physician when evaluating a potential need for
a knee joint replacement. Any condition affecting the knee that
causes damage to the normally smooth lining cartilage of the
knee may eventually end up with the same end result. The pro-
tective cartilage lining the joint becomes worn away, producing
increasing damage to the bone surfaces inside the joint. This
may cause pain, swelling and stiffness, as the exposed bone ends
grind painfully against each other. Osteo-arthritis: resulting
from ‘‘wear and tear’’ is the most common reason why individ-
uals need to undergo knee replacement surgery. Rheumatoid
arthritis which is an inﬂammation of the synovial membrane
of the joint can cause destruction of cartilage and other parts
of the joint and results in a need for knee joint replacement.
Artiﬁcial knee replacement (Darwish and Al-Samhan, 2008;
Villa et al., 2004; Lesaka et al., 2002; Giddinia et al., 2001;
DesJardins et al., 2000; Jilani et al., 1997; Bendjaballah et al.,
1997, 1995;Donahue et al., 2002) is a surgical operation inwhich
the defective knee joint surfaces are replaced completely with an
artiﬁcial joint. Total knee replacement (TKR), also referred to
as total knee arthroplasty (TKA), is a surgical procedure where
worn, diseased, or damaged surfaces of a knee joint are removedier B.V. All rights reserved.
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Figure 1 Constituents of artiﬁcial knee joint.
50 A.M. Alsamhanand replacedwith artiﬁcial surfaces.Materials used for resurfac-
ing the joint should not be only strong and durable but also opti-
mal for joint function as they produce as little friction as
possible.
Factors affecting polyethylene wear include the base resin,
the manufacturing process, the mode of sterilization, the
length of shelf life prior to implantation, prosthetic design,
the alignment of the implant, the stability and kinematics of
the knee, polyethylene thickness, any interposed third-body
particles, and the material and surface ﬁnish of the metal trayTwo-friction contact 
surfaces assigned 
between artificial 
femur and 
polyethylene tibia 
tray  
Constrain conditions 
in three directions. 
Figure 2 Assigned loading and constrain conditionsof the tibia component. Patient characteristics such as activity
level and weight also affect wear (El-Deen et al., 2006).
One of the critical design parameters in artiﬁcial knee joint
replacements is the thickness of the ultra-high molecular weight
polyethylene (UHMWPE) tibia insert. Yet there is no clear def-
inition of the upper limit of the thickness of the polyethylene in-
sert.Multiple regression analysis was applied to test whether the
dimensions of contact imprints are inﬂuenced by UHMWPE
thickness (El-Deen et al., 2006; Bartel et al., 1986). Good agree-
ment was obtained between the theoretical predictions and the
experimental measurements of the dimensions of contact im-
prints when the knee was at 60 ﬂexion (Bartel et al., 1986).
The analysis of contact stress as a function of the thickness of
the polyethylene insert for tibia component showed that a thick-
ness of more than eight to ten millimeters should be maintained
(El-Deen et al., 2006; Bartel et al., 1986). The aim of the present
work is to rationalize the choice of polyethylene layer based on
reﬂection on all artiﬁcial knee constituents.
2. Structure of artiﬁcial knee
The ‘‘artiﬁcial joint or prosthesis’’ generally has two compo-
nents, one made of metal which is usually Ni–chrome or
titanium. The other component is a plastic material called
ultra-high molecular weight polyethylene, as shown in Fig. 1.
The general goal of total knee replacement is designed to
provide painless and unlimited standing, sitting, walking,Cement 
(adhesive) 
along with materials of artiﬁcial knee solid model.
Table 1 Material properties constituents of artiﬁcial knee FE
model (Darwish and Al-Samhan, 2008; Jilani et al., 1997;
Bendjaballah et al., 1997, 1995).
Material Young
modulus (MPa)
Poisson’s
ratio
Yielding
strength (MPa)
Cancellous bone 5.2E2 0.29 11
Polyethylene 2.3E3 0.32 55
Titanium alloy 1.1E5 0.36 830
Cement (adhesive) 2.5E3 0.38 50
Cortical bone 3.0E4 0.29 50
Ni-chrome alloy 2.0E5 0.3 755
Figure 3 Final ﬁnite-element mesh developed using GID Pre-
processing program (10,866 nodes and 44170 elements) for solid
models having 8, 9 and 10 mm polyethylene layer thickness.
Rationale analysis of human artiﬁcial 51and other normal activities of daily living. With proper care
individuals who have had a total knee replacement can expect
many years of faithful function. The major reason artiﬁcial
joints may eventually fail is the occurrence of loosening where
the metal or cement meets the bone, as well as the wear of the
polyethylene layer. There have been great advances in extend-
ing how long an artiﬁcial joint will last, but loosening is a pos-
sibility that may require a revision.
The current investigation deals with the most important
parameter in controlling the life span of the artiﬁcial knee,
which is thickness of polyethylene layer of (Tibia Tray) of
the artiﬁcial knee joint.
3. Solid and ﬁnite-element model development
The current research was conducted on the cruciate retaining
Sigma knee design used at King Khaled University Hospital
(K.K.U.H). The GID GID pre-post processing program,
2001 is a general-purpose pre-processing and post-processing
program used with common ﬁnite-element programming.
Tochnog (Roddemanand Buyukisik, 2001) is the ﬁnite-element
solving program used.
This Sigma joint was modeled as a 3D solid model, as
shown in Fig. 2. The implemented adhesive thickness was
adapted from actual surgery practices of King Khaled University
Hospital, Saudi Arabia. The procedure started with building
solid frame model of artiﬁcial knee, as shown in Fig. 2. The
ﬁnite element considered along with constraints and loadingFigure 4 Principle stress contours of arconditions are shown in Fig. 2, also. The artiﬁcial knee mate-
rial properties are listed in Table 1 (Darwish and Al-Samhan,
2008; Jilani et al., 1997; Bendjaballah et al., 1997, 1995).
Fig. 2 shows that the lower part of the model is constrained
in all directions. Two types of load where assigned to the FE
model as loading conditions. These cover normal load, withtiﬁcial knee FE model after loading.
(a)
(b)
Figure 5 Predicted maximum Von-Misses stress (MPa) of artiﬁcial knee constituents for three models having 8, 9 and 10 mm
polyethylene layer thickness for 500 and 1000 N normal load plus 1 Nm torque.
52 A.M. Alsamhantwo levels 500 and 1000 N, plus torsion load with two levels of
1 N. m and 2 N. m (Darwish and Al-Samhan, 2008; Jilani
et al., 1997). The 500 N normal load represents the half weight
of elder people on standing conditions and 1000 N covers elder
people with overweight conditions. Two levels of torsion loads
(1 N. m. and 2 N. m) were also assigned separately on the solid
model of artiﬁcial femur, as shown in Fig. 2. It is worth
mentioning that the lower torsion (1 N. m) load is intended
to represent the activities of elder people, while the higher level
(2 N. m) is intended to represent the activities of active
patients.The following assumption and boundary conditions were
assumed throughout the idealization process:
 The problem is three dimensional.
 All materials are isotropic, i.e. the properties of the materi-
als are the same in each direction (X, Y and Z).
 Two friction contact surfaces are modeled between artiﬁcial
femur and polyethylene bearing areas.
 No contact stresses assigned on adhesive layer.
 Elastic-plastic FE analysis is considered in the current
analysis.
(a)
(b)
Figure 6 Predicted maximum Von-Misses stress (MPa) of artiﬁcial knee constituents for three models having 8, 9 and 10 mm
polyethylene layer thickness for 500 and 1000 N normal load plus 2 Nm torque.
Rationale analysis of human artiﬁcial 53Since the polyethylene layer is the most critical constituent
of the joint, the present work concentrates on investigating the
effect of thickness variation on joint strength. The main
objective is to maximize the thickness of the layer, so it could
last with the patient as long as possible before replacement,
without scarifying its strength. To achieve this, three ﬁnite-
element models were built and used. The ﬁrst model had a
polyethylene layer 8 mm thick, which matches the most
frequent design used presently at K.K.U.H. The other two
models were built to represent the thicker polyethylene layers
of 9 and 10 mm (available also at K.K.U.H).The 4-noded linear tetrahedron element was used to gener-
ate the FE mesh, using 10,866 nodes and 44,170 elements for
all three FE models, see Fig. 3. It is worth noting that before
approving the FE results, different mesh sizes were tried for
solution stability, until we came up with the reported number
of nodes and elements.
4. Strength analysis of artiﬁcial knee joint
The ﬁnite-element meshes were generated using the GID pre-
processing program (GID pre-post processing program,
54 A.M. Alsamhan2001). The FE computation was carried out using Tochnog FE
program (Roddeman and Buyukisik, 2001). Tochnog (explicit–
implicit, elastic–plastic FE) and GID programs are run under
Linux operating system.
In the beginning, a data ﬁle of the FE model was generated
using GID pre-processing program and completed using a text
editor. Next, Tochnog FE module was executed using the
developed data ﬁle, followed by visualizing the FE results
using GID post processing program based on the output ﬁles
generated by the Tochnog FE module.
5. Material analysis
Based on the principal stresses previously calculated by FE
model, see Fig. 4, the maximum Von-Misses stresses developed
in each constituent of the artiﬁcial knee were calculated and
plotted in different charts (Figs. 5 and 6).
Fig. 5a and b, represents the calculated Von-Misses stresses
developed in each constituent of the artiﬁcial knee for two lev-
els of normal loads 500 and 1000 N plus 1 N. m torsion load.
FE results for similar normal loads but with 2 N. m torsion
load are shown in Fig. 6a and b.
In general, the artiﬁcial knee joint is safe under a combina-
tion of loading conditions since all the predicted Von-Misses
stresses are lower than the yielding strength for all Knee con-
stituent materials. For example, the calculated factor of safety
is nearly 5 for polyethylene material, while it is calculated to be
nearly 15 for cement material.
It is clearly observed for polyethylene and cement constitu-
ents, the Von-Misses stress level decreases with increase of
polyethylene layer thickness. For example, the Von-Misses
stress level decreases by 25% when the polyethylene layer in-
creases from 8 to 10 mm for both elder people with and with-
out overweight conditions (500 and 1000 N normal loads).
While, the stress level decreases by nearly 30% when polyeth-
ylene layer increases from 8 to 10 mm for active elder people.
Furthermore, the stress level decreases by 6–15% in the case of
cement constituents when polyethylene layer increases from 8
to 10 mm.
6. Conclusions
Increasing the polyethylene layer thickness, results in strength-
ening the polyethylene and cement constituents of the artiﬁcial
knee joint.
Among the models of artiﬁcial knee available in hospitals,
the 10 mm polyethylene layer model is highly recommended
for active patients and elder people with and without
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